Background: Gastric cancer is one of the leading causes of cancer-related mortality worldwide, accounting for 8.2% of cancer-related deaths. The purpose of this study was to investigate the geographic and sociodemographic disparities in gastric adenocarcinoma patients. Methods: We conducted a retrospective study in gastric adenocarcinoma patients between 2004 and 2013. Data were obtained from the National Cancer Data Base (NCDB). Univariate and multivariable analyses were performed to evaluate overall survival (OS). Socio-demographic factors, including the location of residence [metro area (MA) or rural area (RA)], gender, race, insurance status, and marital status, were analyzed. Results: A total of 88,246 [RA, N = 12,365; MA, N = 75,881] patients were included. Univariate and multivariable analysis showed that RA had worse OS (univariate HR = 1.08, p < 0.01; multivariate HR = 1.04; p < 0.01) compared to MA. When comparing different racial backgrounds, Native American and African American populations had poorer OS when compared to the white population; however, Asian patients had a better OS (multivariable HR = 0.68, p < 0.01). From a quality of care standpoint, MA patients had fewer median days to surgery (28 vs. 33; p < 0.01) with fewer positive margins (6.3% vs. 6.9%; p < 0.01) when compared to RA patients. When comparing the extent of lymph node dissection, 19.6% of MA patients underwent an extensive dissection (more than or equal to 15 lymph nodes) in comparison to 18.7% patients in RA (p = 0.03). Discussion: This study identifies socio-demographic disparities in gastric adenocarcinoma. Future health policy initiatives should focus on equitable allocation of resources to improve the outcomes.
Introduction
Gastric cancer (GC) is the fifth most common cancer worldwide and the third leading cause of cancer-related death [1] . The molecular biology of GC is complex and varies by site and histology. The vast majority of GC are adenocarcinomas arising from the glands of the superficial layer, or the mucosa of the stomach. In this era of personalized medicine, the management of gastric cancer is becoming increasingly more complex and is often dependent on multidisciplinary involvement. Access to specialized cancer centers is vital, where timely management can be initiated. Unfortunately, socioeconomic barriers often prevent patients from getting access to cancer care. A recent report showed that cancer mortality has been steadily declining for the most common cancers in the US, which was attributed to early detection. The study also showed that although the racial gap in cancer death has been narrowing in the US, socio-economic inequalities are getting wider [2] .
Few studies have looked into the potential socio-demographic disparities in gastric adenocarcinoma patients. In a recent study, Jim et al. looked at stomach cancer survival in the United States (U.S.) by race and stage. They reported a 5-year survival rate of 29%, with no differences observed based on race [3] . Extensive research has been conducted using country-specific registries like SEER and institutionally based databases, which have evaluated differences amongst survival and incidence in different countries and people of various racial/ethnical backgrounds [1, [4] [5] [6] [7] . The results of these studies have not been uniform. Wang et al. evaluated incidence and prognosis among gastroesophageal cancer patients in rural and urban populations, utilizing the SEER registry; the authors found no differences in prognosis, based on the area of residence [7] . On the other hand, a study from China looked at the disparity among rural versus urban patients with different cancers and found that 5-year observed and relative survivals of liver, pancreas, stomach, brain, and prostate cancer were higher in urban than in rural areas [8] .
Therefore, to understand the effect of geographic and sociodemographic factors in the gastric cancer population, we conducted a large population-based study utilizing the National Cancer Database (NCDB) from 2004 to 2013. Given that most common histology in gastric cancer patients is gastric adenocarcinoma (more than 90%), we included only those patients in our analysis.
Materials and Methods
The NCDB is a hospital-based cancer registry sponsored by the American College of Surgeons and the American Cancer Society, which represents 70% of all newly diagnosed cancer cases in the US [8] . Utilizing the NCDB participant user file, a retrospective analysis was performed on patients diagnosed between 2004 and 2013. The histology codes for gastric adenocarcinoma (8140) were based on the ICD-03/WHO 2008 classification. Patients from all stages, as per the American Joint Committee on Cancer (AJCC 6th and 7th edition) guidelines, were included as a part of the analysis. Patients with unknown stage were excluded from the analysis. To control for confounders, the following variables were utilized in the multivariable analyses: age, sex, race, Charlson/Deyo comorbidity score, and tumor grade.
In order to evaluate survival outcomes based on place of residence, we classified patients into urban versus rural. The patients were classified utilizing the Rural-Urban Continuum Code (RUCC), a variable available in the NCDB. The Office of Management and Budget (OMB) classified RUCC into two categories, metropolitan and non-metropolitan areas. A metropolitan was defined to be the area where the population ranged from less or more than 250,000. On the other hand, a non-metropolitan statistical area is comprised of 20,000 or more individuals adjacent to the metro area. To be consistent with other studies, counties classified as metropolitan (RUCCs 1-3) were classified as metro, and counties classified as non-metropolitan (RUCCs 4-9) were classified as rural [9, 10] .
Using the NCDB, we analyzed the data based on various socio-demographic factors, including age, sex, race, marital status, insurance status, residence (rural or metro), and also tumor-related factors (stage, grade, histology, and primary site). Additionally, we utilized the Surveillance, Epidemiology, and End Results (SEER) database and evaluated data in gastric cancer patients diagnosed between 1973 and 2015. The SEER database collects cancer-specific data from population-based cancer registries. It collects incidence, survival and other essential data regarding patients and their tumors. We utilized the SEER database to report gastric adenocarcinoma incidence and disease-specific survival (DSS) in particular.
Associations between the area of residence and various socio-demographic and tumor-specific characteristics were assessed using the Kruskal-Wallis test (for ordinal responses) or the Pearson Chi-square test (for categorical responses). The primary endpoint of the study was to estimate overall survival (OS), defined by the time from diagnosis of gastric cancer to death due to any cause. To evaluate OS utilizing different covariates, we used univariate and multivariable Cox proportional hazard models, adjusting for age, sex, stage, grade, tumor location, year of diagnosis, insurance status, marital status, race, and area of residence. Result estimates were expressed as hazard ratios (HR) with 95% confidence intervals (CI). Long-term survival was evaluated utilizing the Kaplan-Meier method, with comparisons based on the log-rank test. Baseline characteristics and outcomes were compared between the individual groups. Statistical significance was indicated by p values less than 0.05. All statistical analyses were performed using Statistical Analysis Software (SAS version 9.4)
Results
A total of 88,246 patients with gastric adenocarcinoma were included in the analysis, of whom 12,365 (14%) patients had a residence in rural areas (RA), and 75,881 (86%) individuals resided in metro areas (MA). The median age at diagnosis was 70 years. Individuals in RA had a slightly younger age at presentation compared to their urban counterparts (median 69 years versus 70 years, p < 0.01). The urban population had a larger proportion of African American (AA) and Asian patients as compared to the rural population (Asian-7% versus 1%; African-American-16% versus 10%; p < 0.01). Patients from MA presented at an earlier stage as compared to those from RA. The primary site of diagnosis in RA was mainly fundus and cardia of the stomach when compared (50% versus 40%; p < 0.01) to the MA population. Further comparison of all the baseline characteristics between RA and MA population is summarized in Table 1 below. The incidence of gastric cancer from the SEER database (>95% adenocarcinoma) was found to be declining both in the rural as well as urban population over the last 4 decades, however, the incidence remained higher in the rural population throughout this period (Supplementary Figure S1 ). On Kaplan-Meier analysis of survival estimates from the NCDB, unadjusted median OS for patients from RA was 12.3 months, and for those from MA was 13.3 months. OS rate (3-year, 5-year, and median) is summarized in Figure 1 below. Additionally, we saw similar trends of inferior disease-specific survival (DSS) using the SEER database (Supplementary Figure S2) , where >95% gastric cancer patients had gastric adenocarcinoma. On the univariate analyses, patients residing in RA, those with high grade (III/IV) disease, female gender, primary site location of cardia/fundus and uninsured, had a significantly worse OS, when compared to MA patients, low grade (I/II) disease, male gender, primary site location of body + lesser/greater curvature and insured patients respectively. These findings are summarized in supplementary Table S1 . The multivariable Cox proportional hazards regression models showed that patients residing in RA, high grade (III/IV), uninsured patients, male gender, primary site at cardia and fundus, had a significantly worse OS when compared to patients residing in MA, those with low- On the univariate analyses, patients residing in RA, those with high grade (III/IV) disease, female gender, primary site location of cardia/fundus and uninsured, had a significantly worse OS, when compared to MA patients, low grade (I/II) disease, male gender, primary site location of body + lesser/greater curvature and insured patients respectively. These findings are summarized in supplementary Table S1 . The multivariable Cox proportional hazards regression models showed that patients residing in RA, high grade (III/IV), uninsured patients, male gender, primary site at cardia and fundus, had a significantly worse OS when compared to patients residing in MA, those with low-grade tumors (I/II), insured patients, female gender, primary site at body of stomach or lesser/greater curvature of the stomach respectively. When comparing racial backgrounds, the Asian population did significantly better than the white population. Conversely, white patients did better when compared to black patients. These results are further summarized in Table 2 below.
To assess timely management in these gastric adenocarcinoma patients, several variables were evaluated to examine the differences between RA and MA patient population. When looking at the median time (in days) of initiating any treatment from the time of diagnosis, it was observed that it was initiated significantly earlier in MA when compared to RA. These findings are summarized in Table 3 below. However, specifically surgery and radiation therapy were initiated in RA much earlier than MA.
When assessing the quality of management among rural and metro regions, it was reflected that post-surgery the RA patients had a higher number of positive surgical margins when compared to MA (6.9% versus 6.3%; p < 0.01). Also, the 30-day and 90-day mortality post-surgery was significantly higher in RA patients compared to MA patients (within 30 days mortality-5.9% versus 4.9%; within 90 days mortality-11.8% versus 10%; p < 0.01). Though there is no established number of lymph nodes that need to be examined during gastrectomy, however, 15 is an acceptable standard. When comparing this proportion where 15 or more lymph nodes were examined surgically, it was found that 20% of MA patients underwent a procedure where 15 or more lymph nodes were examined in comparison to 19% in RA patients (p < 0.035). 
Discussion
Over the last few years, the incidence and mortality from gastric cancer have declined significantly, however, it is not clear whether these benefits are being dispersed equally across different geographic regions [11] . Our research in neuroendocrine tumors identified socio-demographic disparities in cancer outcomes [12] . Building upon our previous work, we further aimed to study disparities in the gastric cancer population.
Gastric adenocarcinoma is the most common type of gastric cancer, followed by gastric lymphoma. Gastric adenocarcinoma is further characterized based on the location in the stomach, into cardia, and non-cardia cancers. Non-cardia cancers, found in the lower portion of the stomach, are associated with risk factors like chronic gastritis. Cancers involving cardia are associated with obesity, gastroesophageal reflux disease (GERD), and infection with Helicobacter pylori [4] . From a prognosis standpoint, cardia adenocarcinoma tend to have a worse prognosis compared to non-cardia cancers as demonstrated by several studies [13, 14] . In this retrospective analysis, RA had a higher number of cardia adenocarcinoma versus non-cardia. In the multivariate model, the primary location of the tumor was found to influence survival with cardia cancers having worse overall outcomes compared to body or greater/lesser curvature primary location. The possible explanation includes higher incidence of metastasis and recurrences in cardia cancers [13] .
When looking at gender and age-specific disparities among RA and MA, we found that the median age of patients diagnosed with gastric adenocarcinoma was lower in RA (68.7) compared to MA (69.5). In both regions, the incidence of GC in males was much higher than females (RA-71%, UA-67%). These findings are similar to what has been stated by Bray et al. in the study on global trends, which showed that the risk of developing gastric cancer is much higher in males than females. In fact, in developed countries, gastric cancer was more likely to be diagnosed in males than females, whereas in developing countries, the ratio was slightly lower [1] . This significant difference in gender disparity is unclear, but likely has a component of exposure in addition to genetics. Of note, we found that females had a slightly better OS compared to their male counterparts, as observed in several other population based studies [4, 5, 15] .
We also observed differences in the racial composition of the MA and RA populations. MA had a larger proportion of African Americans and Asians, whereas RA had a larger proportion of native Americans. With regards to survival outcomes, the multivariable analysis revealed that Asian patients (HR 0.68; p < 0.01) had significantly better OS when compared to their white counterparts. Studies of gastric cancer have consistently shown survival benefits amongst the Asian population, and that is mainly attributed to early-stage and younger age at presentation [16] [17] [18] . Besides, Asian patients tend to have more distal cancers [19, 20] . Distal tumors tend to cause early obstruction, resulting in early medical intervention.
There exists mixed evidence in regards to the survival data amongst AA patients, where some studies have reported AA performed poorly when compared to their white counterparts, while other studies have documented improvement in outcomes [16, 21, 22] . Poor outcomes could be attributed to environmental and genetic factors. It has been reported that AA patients tend to have higher rates of TP53 mutation, a universally accepted aggressive tumor marker, attributing to about 89% patients, in comparison to 40% in the Caucasian population [23] . Other contributing factors could be high prevalence of Helicobacter pylori infections seen in AA, and presentation at an older age [16, [24] [25] [26] . However, the difference in the racial composition did not probably contribute to the observed differences in survival among MA and RA patients in our study, especially since the multivariable model adjusted for race.
In addition to the factors described above, diet has been strongly associated with both gastric cancer mortality and incidence. Ngoan et al. conducted a study in 13,000 Japanese subjects and found that high consumption of processed meat was associated with increased mortality in gastric cancer whereas that of green and yellow vegetables was related to a significant decline in mortality [27] . A cohort study in the Netherlands examined a total of 120,852 men and women, and reported that intake of salt and cured meat were positively associated with the risk of gastric cancer [28] . Similarly, the Hisamaya study reported a positive association between high dietary salt intake and the incidence of gastric cancer [29] . Therefore, it is well established that dietary patterns do play a major role in the development and outcomes of gastric cancer, but given the limited data provided in the NCDB, we could not assess the dietary patterns in different geographic regions. Interestingly, however, in a recent study, Euler et al. did not see any significant differences in the dietary intake by measures of rurality [30] . Therefore, we are unsure if dietary pattern influenced our observed differences in the outcomes between the rural and urban population. We think, however, that examining lifestyle and dietary differences in different geographic and ethnic populations and how they correlate with gastric cancer incidence and mortality, should be investigated further.
Multimodality therapies have proven to benefit GC patients; however, surgery stands as one of the most critical modalities in GC. As a result, the quality of surgery dictates survival [31] . The proportion of individuals who had >15 regional lymph nodes examined in MA (19.6%) was slightly higher than RA (18.7%). Studies have shown that the higher the number of lymph nodes examined is associated with longer disease-free survival in gastric cancer patients [32, 33] . In a retrospective study, Deng et al. showed the number of dissected lymph nodes ≥15 was associated with better prognosis in lymph node-positive gastric cancer [32] . Also, it is a well-known fact that patients with positive margin disease tend to have a higher chance of recurrence when compared to patients with a negative margin resection. This ratio of positive margin post-surgery was noticed to be slightly higher among patients in RA when compared to MA (6.9% versus 6.3%; p < 0.01). Besides, higher 30 day and 90-day post-operative mortality were observed in RA when compared to MA (within 30 days mortality-5.9% versus 4.9%; within 90 days mortality-11.8% versus 10%; p < 0.01). These results speak in favor of surgeons in MA who are more specialized and tend to have more experience in operating complicated GC patients, further resulting in better outcomes. Timing of surgery post-diagnosis is another essential criterion, where our retrospective analysis showed that MA patients are operated at a median of 28 days, in comparison to 33 days for patients living in RA post-diagnosis. However, a study showed that neoadjuvant chemotherapy-surgery time interval does impact pathological response but does not impact survival [34] . Therefore, we are unsure whether this slight delay in surgery in RA patients had any influence on their survival.
A significantly higher number of Individuals in MA (14.3%) are diagnosed with gastric cancer at an earlier stage (Stage I) when compared to RA (13.3%). These observations are likely secondary to limited access to health care and the availability of diagnostic equipment in RA. Studies evaluating outcomes of gastric cancer in China have shown that gastric cancers are usually diagnosed at a relatively advanced stage when it becomes symptomatic, and it is associated with a lower 5-year survival rate [35] . On the contrary, in Japan, it is diagnosed at earlier stages owing to their advanced diagnostic techniques; hence, higher survival rates are observed in Japan [36] . Likewise, in less developed areas in China, the mortality rate was much higher due to limited diagnostic techniques. This was demonstrated in a study by Li et al. when evaluating the overall burden of different cancers in rural and urban areas of China. The five-year OS of different cancers combined was much higher in urban than in rural areas. The five year OS of gastric cancer specifically was 32.65% in urban areas and 30.52% in rural areas [5] . Likewise, the mortality rate of all age groups was much higher in rural than in urban areas. Socioeconomic factors have a significant impact on the overall quality of care in rural and metropolitan areas. Access to tertiary care centers, advanced diagnostic equipment, and experienced providers are all factors that may explain the observed disparities in mortality and survival in rural and urban areas. In addition to limited access to quality care, the economic status of individuals in rural areas is also an essential factor that restricts their ability to afford the necessary diagnostic tests and treatment. In RA, the median household income of 95.5% of individuals was less than $63,000, whereas, in MA, this proportion was 65.8% (p < 0.01). In addition to income, previous research has shown that uninsured patients are likely to present with advanced-stage cancer of different types and less likely to receive definitive treatment [37] .
Multivariable analysis revealed that insured patients tend to have better OS when compared to uninsured patients. When evaluating the proportion of insured individuals in UA and MA (93.8%), the analysis revealed same proportion of insured patients in both settings. Therefore, it is not possible to deduce disparities in survival benefits between insured and uninsured individuals in either UA or MA. Hence, more data is required to understand the relationship between insurance status and disease prognosis specific to gastric cancer.
To our knowledge, this is the first population-based study investigating the rural-urban disparities in the care of patients with GC in the US utilizing the NCDB. Previous studies have been conducted in other Asian countries and one in the US, which evaluated patients from 2004 to 2009, utilizing the SEER registry. Using the NCDB, we evaluated the impact of different socio-demographic factors on the OS of patients residing in MA and RA. Besides, we were also able to examine different quality metrics associated with surgery. However, our study is not without limitations. Firstly, we had limited information on the stage of tumors as well as specific treatments in the NCDB. Secondly, being a retrospective study, it is not free from selection and misclassification bias, which may have impacted the outcomes. Thirdly, we tried to be consistent with most US studies in defining rural and urban areas; however, different definitions of rurality can cause misclassification bias [38, 39] .
Conclusions
Our NCDB-based study showed that there are significant socio-demographic disparities in the care of patients with GC. RA patients had marginally worse overall survival when compared to their MA counterparts. In addition, race, insurance status and sex were also associated with survival in the multivariable model. Access to healthcare, variations in patient care, environmental and lifestyle factors such as diet as well as genomic differences, are all potential factors that affect the OS. Our results are consistent with the available literature in GC, including studies demonstrating survival differences in different populations undergoing surgical treatment in the United States. These disparities are of concern and highlight where health policies need to be tailored to improve outcomes in all patients with GC across the U.S.
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